Abstract -Xylose-containing N-linked carbohydrate chains are integral parts of certain plant and animal glycoproteins. In all of the known structures, p-D-xylose is 1-2-linked to p-Dmannose of the trimannosyl-N,N'-diacetylchitobiose unit. If a-L-fucose is present at the asparagine-linked N-acetyl-Pglucosamine, then there are differences in the sites of its attachment, namely, al-3-or al-6-linked, depending on the biological origin. The a+ mannose residues can be substituted with additional monosaccharides or 3-0-methylated. The state of the art with respect to structural analysis, organic synthesis, conformational analysis, biosynthesis, lectin binding, and immunological aspects is reviewed.
INTRODUCTION
Glycoproteins are biopolymers consisting of a polypeptide backbone with covalently attached carbohydrate side chains (ref.1). One major class of chains is characterized by the occurrence of oligosaccharides linked to the amide nitrogen of L-asparagine. In general, these so-called N-linked carbohydrate chains share a common pentasaccharide core element Man3GlcNAc2 (Man, D-mannose; GlcNAc, N-acetyl-D-glucosamine) connected via GlcNAc to Asn. Based on typical extensions of this core element, three major types of N-linked glycans have been distinguished, namely, (i) the oligomannose type; (ii) theN-acetyllactosamine type; and (iii) the hybrid type, showing characteristics of both the oligomannose and theN-acetyllactosamine type (ref.
2).
The existence of p-D-xylose (Xyl), 1-2-linked to P-D-mannose of the core element, has lead to the establishment of an additional type of N-glycans, which we have called the xylose type. This type can also include characteristics of the oligomannose or the N-acetyllactosamine type, but additional modifications, not comprised by the three major types, do occur too. One of the fist examples of the xylose-type chains was found in the proteolytic enzyme bromelain from pineapple stem (ref. 3, 4) . Since then, it has become evident that xylose-containing Nlinked carbohydrate chains are integral parts of certain plant and animal glycoproteins.
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Since the finding of xylose as a constituent of certain molluscan hemocyanins (ref. 5), part of our research program deals with this type of oligosaccharide chains. Over the years, analytical including conformational, synthetic and biosynthetic aspects of especially animal N-glycoprotein xylose-containing glycans have our attention, but also plant N-glycoprotein glycans of the same type are under current investigation. This paper will summarize the present knowledge in the field of the xylose-containing cartohydrate chains from N-glycoproteins and focus on analytical, synthetic, conformational, biosynthetic, lectin-binding, and immunological aspects of these glycans. Rial-6,
Non-fucosylated (a), (c), (d), and (e) were detected in rice a-amylase from germinated seedlings, together with GlclMangGlcNAq and Mans-9GlcNA% (ref. 
Animal glycoproteins
Up to now only two examples of animal N-glycoproteins containing the Man3XylGlcNAc2 structural element have been reported. Both glycoproteins are hemocyanins, high-molecular-mass copper-containing oxygen carriers, isolated from the hemolymph of the molluscan species Helix pomatia (terrestrial snail) and Lymnaea stagtadis (fresh-water snail). The glycans of both species can be divided into low-and high-molecular-mass compounds, for which highly unusual structures have been established, including the presence of methylated monosaccharides like 3-0-methyl-Dgalactose (3MeGal) and 3-0-methyl-Dmannose (3MeMan).
The low-molecular-mass structures of H. pomtia hemocyanin comprise Man3XylGlcNAc2 (minor) and its al-6-
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Extension of these elements, leading to high-molecular-mass mono-and/or di-antennary compounds, consist of the incorporation of SMeGal, Gal, GlcNAc, N-acetyl-D-galactosamine (GalNAc) and Fuc. Although definite structures are not yet available, clear evidence exists for the occurrence of the GalNAc~1-4GlcNAcj31-2Man
sequence.
The structures of the low-and high-molecular-mass carbohydrate chains of L. stagnalis hemocyanin have been completely analyzed (ref. 26, 27) , giving rise to the following series of compounds :
The fucosylation patterns of the xylose-containing N-linked carbohydrate chains in the discussed plant and animal glycoproteins need further comment. The a l -6 fucosylation of the Asn-bound GlcNAc in H. pomtia hemocyanin fits the usual finding in higher-animal glycoproteins (ref. 1, 2). In contrast, in plant glycoproteins the fucosylation of the Asn-bound GlcNAc occurs in a a l -3 linkage. The a l -6 fucosylation of the peripheral GlcNAc in laccase and miraculin deviates from the 011-3 fucosylation of this residue in higher-animal glycoproteins (SSEA-1 immunodeterminant; ref.
2). The Fucal-2Galpl-3GalNAcP element, as observed in L. stagnalis hemocyanin, occurs also in higher-animal glycoconjugates (human blood group H type 4) (ref. 28 ).
The presence of the GalNAcpl-4GlcNAc in stead of the Galpl4GlcNAc sequence is not unique for N-glycoproteins from lower-animal species. For the higher-animal species, typical examples are the glycohormones lutropin and thyrotropin (ref. 29) . However, in the latter glycoproteins the GalNAc residue is always terminated by a 4-linked sulfate group, in stead of Fucal-2Galpl-3 or 3MeGalpl-3 elements. Table 1 a survey is presented of the 'H-NMR chemical shifts of structural-reporter groups of the constituent monosaccharides for the non-fucosylated, the al-3-fucosylated, and the a 1-6-fucosylated Man3Xyl-GlcNAq structural elements, as glycopeptides, oligosaccharide-alditols, free oligosaccharides, and oligosaccharide pyridylamino derivatives. In the framework of conformational analysis and biosynthesis also attention has been paid to the organic synthesis of structural elements of xylose-containing carbohydrate chains from N-glycoproteins. 
CONFORMATIONAL ANALYSIS
Many studies have appeared on the conformational analysis of N-glycoprotein glycans (ref. [38] [39] [40] [41] [42] . In this context also attention has been paid to the conformational analysis of xylose-containing N-linked carbohydrate chains and of partial structures. According to the measured coupling constants (J5.6 = 1 Hz; Jg,6' = 2.1 Hz) the rotamer population about the C5-C6 linkage of p-Man is dominated by the presence of the P,=180 (gg) rotamer. Based on these data a time-averaged conformational model is presented in Fig. 1 , and it can be proposed that this structure gives a considerable contribution to the ensemble of actual conformers. Detailed NMR studies of this carbohydrate chain yielded for the hydroxymethyl group of p-Man J5,6 and J5,g values of 2.7 and 4.7 Hz, respectively, indicating the presence of both gg and gt rotamers. This illustrates that in the case of an al-6-linked Fuc at the Asn-bound GlcNAc, the situation is similar to that found for non-xylosylated al-6-fucosylated N-linked glycans (ref. 30, 41) . Molecular modelling of xylose-containing oligosaccharides with either al-3-or al-6-linked Fuc clearly shows the great difference in spatial structure for these two types of compounds. One of the monoclonal antibodies raised against extracts of the rachis abscission zone of Sambucrrs nigru L., which preferentially recognizes abscission-zone proteins, cross-reacts with several enzymes from higher plants and with lectins from P. vulgaris and E. cristugdli (ref. 10). Man~XylGlcNAc$ucal-3)GlcNAc, isolated from horse radish peroxidase, turned out to be a potent inhibitor of the interaction process. The production of a rat monoclonal antibody to the XyVFuc-containing oligosaccharides demonstrates that these structural elements are highly immunogenic in animals.
In case of polyclonal antibodies raised against carrot (Duucur curofu) cell wall P-fructosidase (ref. 51), it was shown that the binding activity was associated with Man~XylGlcNAc(Fucal-3)GlcNAc, Man3XylGlcNAc2, and
ManXylGlcNAc2, but not with Man3GlcNA%, suggesting that the primary binding is to the XylPl-2Man element.
CONCLUDING REMARKS
A survey has been presented with respect to the state of the art in the field of the N-glycoprotein xylose-containing glycans. Especially since 1985 many details have become available about this interesting group of carbohydrate chains. The reports on primary structures have highly activated additional research focused on conformational analysis, organic synthesis, biosynthesis, lectin studies and immunological studies. It is anticipated that in the near future the biosynthetic pathways will be unravelled for the xylose/fucose-containing carbohydrate chains of both plant and animal origin. Also detailed studies aimed at the understanding of the biological significance of this specific class of oligosaccharides will be the subject of future research programs.
